Xcel

Linear Inequalities

Question1

The sum of all the roots of the equation (z — 1)? — 5|z — 1| +6 = 0, is :
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Options:
A.
3

B.

D.
5

Answer: C
Solution:

|z =112 -5z —1|+6=0

Let|z —1| =t
t?—54+6=0
(t—3)(t—2)=0
t=2,3

[t —1=2o0r|z—1=3

xr—1=H+2o0rx—1==+3
=zx=3,—-1,4,-2

= Sum. =3—-1+4+4-2
=4

Question2

Let o and 3 be the roots of the equation =2 + 2ax + (3a +10) = 0 such that
a < 1 < B. Then the set of all possible values of a is :
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Options:

Answer: B
Solution:

Ta<l<p
f(1) <0
=1+2a+(3a+10)<0
=5a+11<0

—11

<_
= G

- —11
c.a —00, ——
5

Question3

The number of distinct real solutions of the equation
x|z + 4| + 3|z + 2| + 10 =0 is
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Options:

A.

2

B.



Answer: D
Solution:

To find the number of distinct real solutions for the given equation, we need to understand how the expressions inside the absolute

values behave. The absolute value expressions are |z + 4| and |z + 2|. The signs of  + 4 and = + 2 change at . = —4 and
x = —2. These two critical points divide the real number line into three intervals:
l.x> -2

204 << -2
3.z < —4
Let's analyze the equation x|z + 4|4 3|z + 2| + 10 = 0 for each case separately.
Case 1: When z > —2
In this interval, both z +4 and z + 2 are positive (or zero). So, |z + 4| =z +4and |z + 2| =z + 2.
Substitute these into the equation:
z(xr+4)+3(x+2)+10=0
2’ +4z+3z+6+10=0
22+ Tz +16 =0
Now, we check the discriminant D (where D = b? —4ac) of this quadratic equation:
D ="72—-4(1)(16) =49 — 64 = —15
Since D < 0, there are no real roots in this interval.
Case2: When 4 <z < -2
Here, z + 4 is positive (or zero), but z + 2 is negative. So, |z + 4| =x+ 4 and |z + 2| = —(z + 2).
The equation becomes:
z(z+4)—3(x+2)+10=0
z2+4r — 3z —6+10=0
2+ xz+4=0
Let's check the discriminant for this equation:
D=1%-4(1)(4) =1-16 = —15
Again, D < 0, so there are no real rootsin this interval either.
Case 3: Whenz < —4
In this case, both z + 4 and z + 2 are negative. So, |z +4| = —(z + 4) and |z + 2| = —(z + 2).
The equation changes to:
—z(z+4)-3x+2)+10=0
—2? -4z —32-6+10=0
—z? ~Tx+4=0
Multiplying by —1 makes it easier to solve:
224+ Tx—4=0
Let's find the discriminant:

D=72—4(1)(—4) =49 +16 = 65



Since D > 0, this quadratic equation gives two real roots. Using the quadratic formula z = —5~=, the roots are:

—b+vD
2a

o —T£V65
AN P
Now we must verify if these roots actually lie in our current interval, which is z < —4.

We know that v/65 is slightly larger than 8 (because v/64 = 8). Let's roughly estimate it as 8.06.

For the first root (taking the positive sign):

£, = —7+2\/65 ~ —7-;8.06 ~0.53
This value is greater than —4, so it does not lie in the given interval z' < —4. We reject this root.

For the second root (taking the negative sign):

Ty = 7772\/65 0 77728.06 ~ 753
This value is strictly less than —4, so it falls correctly within our interval.

This means there is exactly 1 valid real solution for the entire equation.

Option D is correct.

Question4

Let «, 3 be the roots of the quadratic equation 1222 — 20z 4 3\ = 0, \ € Z. If
% < B —al < %, then the sum of all possible values of \ is :
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Options:
A.

3

D.
4

Answer: A

Solution:



1 3

< 7o < —

5 <la=Bl< 3

1 9
—_<lag—a82< Z

7 Sla—8P <3

1 ) 9
h Vg — < =
3 S (@+p) —daf< o
1 25 A9
— < A x =< —
4 =9 4~ 4
_91<_)\<—19
36 = - 36

19 91

TN < =
36_)\_ 6

A=1,2

Sum =3
Question5

A building construction work can be completed by two masons A and B together
in 22.5 days. Mason A alone can complete the construction work in 24 days less
than mason B alone. Then mason A alone will complete the construction work in :
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Options:
A.

36 days

24 days

30 days
D.
42 days

Answer: A
Solution:

Let B'stime = x days



= Astime = (z — 24) day
1
x—24

1
Rate of B = —
T

1 1 1

Rate of A =

z—24 % 225
20—-24 1
z(z—24) 22.5

45z — 540 = z% — 24z
z? — 69z + 540 = 0
(z=60)(zx=9)=0
=z =60

Attime = 60 — 24

= 36 days

Question6

If the domain of the function

f(x) =1ognogr_17047) (182% = 11z +1)
is (—o0,a) U (b,c) U (d, ) — {e}, then

90(a + b+ c+ d + e) equals:
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Options:
A.

170
316

177

D.
307

Answer: B

Solution:



f(z) = log1o,2_17247) (18372 — 1z + 1)
log;, a is defined if @ > 0 and b > 0'and b # 1.
1822~ 11z +1>0

1822 — 9z — 2z +1 >0

9z(2x — 1) —1(2z —1) >0

2z — 1)(9z — 1) >0

S @€ (—00,1/9) U (1/2,00).
1022 — 172 +7> 0

10z® — 10z — 7Tz +7>0
10z(z—1)—7(z=1) >0

(102 — 7)(z—1) >0

Syt € (—00,7/10)UA(1, o).

And 102> — 17¢ +7 # 1

1022 — 1724+ 6 #£ 0

1022 — 122 — 5z +6 # 0

2z(bz —6) — 1(5bz —6) # 0

(2z—1)(5z —6) #0

S3:x#£1/2,6/5 =z #0.5,1.2.

Final solution z € {S; N Sy] — {0.5,1.2}.

z € [(—00,1/9)U(1/2,00)] N [(—o0,7/10) U (1,00)] — {0.5,1.2}.
z € (—o00,1/9) U (1/2,7/10) U (1, 00) — {1.2}.

Since 0.5 is not included, it need not to be subtracted.
Compare final solution with (—o0, a) U (b, ¢) U (d, 00) — {e}.

a=1/9b=1/2,c=17/10,d=1ande =1.2.
90(a+b+c+d+e)=90(1/9+1/2+7/10 + 1+ 1.2)
=10 + 45 + 63 + 90 + 108 = 316.

Question7

The number of the real solutions of the equation: z|z + 3| + |z — 1| —2=10is
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Options:
A.

3



Answer: A
Solution:

given z|z +3| + |z = 1| -2 =0.

critical points x = —3, 1.

two critical points means 3 cases.

Casel:z < —3,|x + 3| = —(x + 3) and |z — 1| = —(x — 1). equation become

~z(z+3)=(z—1)—2=0
—z?-3z—-z+1-2=0

—z2?—dr—-1=0=—=2’4+42+1=0
—4+VI6—4 —4+2V3

2 2 V3
sincex < —3sox = —2—+/3is only solution.
Case2: -3 <z <1,|Jz+3| =2+ 3and |z —1| = —(z — 1). equation become

z(z+3)—(z-1)—-2=0.
2 +3z—2+1-2=0.
2 +2z—1=0.
“24+ViA+r4  —24+2V2
:2;/+: 2“:—1¢«/§.

T

since —3 < z < 1so@ = —1+ /2, —1 — 4/2 both accepted.
Case3:z>1 |z +3|=z+3and|z- 1=z — 1.
equation become

z(z+3)+z—-1—2=0.

22 +4r -3 =0.

—4+V/T6+12. -« —442V7
N 2

3 = —2 + /7. Checking positive solution. since z > 1, so z = /7 — 2 & 0.645, 50 no solution.

xr =

so final solution is
T =-—2—+/3,-14++2,-1-2.

Number of solution = 3

Question8

The smallest positive integral value of a, for which all the roots of
z* — az?+ 9 = 0 are real and distinct, is equal to
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Options:

A.



D.
9

Answer: A

Solution:

Given equation

zt—azx?+9=0=—— (1)

let 22 = t, equation (1) become

t2—at4+9=0——— (2)

Ift; & t2 are roots of equation (2) then four distinct roots of equation (1) is {—\/t_l , —Vt2, Vt1,V/t2 }
roots of this equation are real and distinct if D > 0

(—a)? —4x9>0

=a’~36>0
soa € (—oo, —6) U (6, 00)

so smallest positive integral value of a is 7.as. a. > 6.

Question9

LetS = {w?’ +azx? +br+c:a,bcc Nanda,b,c < 20} be a set of polynomials.
Then the number of polynomials in S , which are divisible by 22 + 2, is

JEE Main 2026 (Online) 28th January Morning Shift
Options:

A.

6

B.

120



20
D.
10

Answer:'D
Solution:

S§={z*+az?+bx+c:a,b,ceNanda,b,c<20}so0a,bcec{l,23,...20}
z? + az? + bz + c s divisible by z2 + 2

co2d +ax® + br 4+ e = (2% + 2) L(x)

Let L(z) = = + n because L.H.S is cubic have leading coefficient 1 .

2 +ar’+br+c= (x2+2)(m+n)
=23 +2’n+ 2z +2n

Comparen =a,b=2,2n=c=—>c = 2a
so,c=2aand b =2
Finding the Number of Possible Polynomials
e For b : There is-only 1 choice (b = 2), which is within the range [1, 20].

e For a and ¢ : Since ¢ = 2a, we must ensure ¢ < 20,

e Ifa=1,c=2
o Ifa=2,c=14
.

e Ifa=10,e=20

There are 10 possible values for the pair ( a, c).

Total polynomials = ( Choices for b) x ( Choices for @, ¢ pairs ) = 1 x 10 = 10

Question10

If «, 3, where a < 3, are the roots of the equation A\z? — (A + 3)z + 3 = 0 such

that = — % = 4, then the sum of all possible values of ) is
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Options:
A.

2



D.
4

Answer: B
Solution:

The given equation is Az% — (A + 3)z + 3 = 0. We can find the roots by factoring:
Az = Az —3z+3=10
=X(z—1)—-3(z=1)=0
=(xz—-1)(Ax=3)=0

The tworootsare:z =1, z=3

We are given that o and g are the roots such that e < 5 and the following condition holds:
1

3

1 _
a

|

Because we don't know if 1 is smaller or larger than 2, we must consider two distinct cases.

CaseA:azlandﬂ:%

Substitute these into the condition % — % = % 3

11 _ 1
T 3Xx .3
1- 32
1323
21=3
2 ONE —> X =2

Check the constraint e < 8 : If A = 2, then 8= 3/2 = 1.5. Since 1 < 1.5, this value is valid.

CaseB:a:%andﬂzl

1.

Substitute these into the condition % — % =3

vsi_1
3/ 1 3
A

A2t
3 3

A 1
— =1 _
3 3
A 4
3.3

Check the constraint & < 8: If A = 4, then o= 3/4 = 0.75. Since 0.75 < 1, this value is valid.

The possible values for A are 2 and 4 .

Sum =2+4=26



The sum of all possible values of A is 6.

Questionll

Let a,a + 2, a € Z, be the roots of the quadratic equation
z(z+2)+(z+1)(z+3)+(z+2)(z+4)+....4(z+n—1)(z+n+1)=4n
for some n € N. Then n + « is equal to :
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Options:

A.0

B.1

C.2

D.3

Answer: C

Solution:

We are given that
the quadratic equation is
()e+2)+(z+1)(z+3)+ (z+2)(z+4) +...+(z+n—-1)(z+n+1)=4n
and the roots are o, a + 2 (both integers).
We need to find the value of n + a.
Step 1: Expand the general term
The k%" term of the left-hand side is:
(z+k)(z+k+2)
Expanding this:
(k) (w+k+2) =2+ 2(k+ 1)z + k(k+2)
Step 2: Sum over all k from O ton — 1
LHS = Y7 322 + 2(k + 1)z + k(k + 2)]
Let's compute each part separately.

1. For z?:

S e = na?
2.For 2(k + 1)z:

Srlo(kd 1)z =203 ok + 1) =2z - 22 — n(n 4 1)z

3. For k(k + 2):



Sio klk +2) = Yp 5 (K 4 2k) = Sk + 230k

Now,
n—1 n(n—1) n=1 (n—1)n(2n—1)
o B =—5—) k:0k2: 6
Therefore,
Y k(o)=L L)
Simplify:

=n(n—1) (2L +1)=n(n-1) (210) = n(n71)6(2n+5)

Step 3: Combine all terms

LHS = nz? + n(n + 1)1: 4 n(n71)6(2n+5)

The equation is

nw2+n(n+1)w+w =4n

Step 4: Simplify by dividing both sides by n (since n > 0)

2+ (nE1)s + (n—l)é2n+5) 4

224 (n+ D+ S — 4] — 0

Simplify the constant term:

(n-1@nt5) 4 (n-1)@n45)-24 _ 2n243n-29
6

6 6

Thus, the equation is

224 (n+ Dz + —2”2+2"*29 =0

Step 5: Use relation between roots and coefficients
Let roots be avand o + 2.

Then,

Sum of roots:

a+(a+2)=2a+2=—-(n+1)

S0,

Product of roots:

a(a + 2) — 2n2+?én729

Substitute o = —23;

ala+2)=(—22) (-21) = (n+3)4(n—1)

Step 6: Equate the two expressions for product

(n43)(n-1) _ 2n%4+3n—29
1 = 6

Simplify:



3(n+3)(n—1) =2(2n% + 3n — 29)
Expand:

3(n* + 2n — 3) = 4n’ + 6n — 58
3n? +6n — 9 = 4n? + 6n — 58
Simplify:

3n? +6n—9 —4n? —6n + 58 =10
—n?4+49 =0 = n? =49

n =T (since n € N)

Step 7: Find o and hence n + «

—_ntd 43 -
o= 5 = 5 5

n+a="7+(-5) =2

Correct Option: C(2)

Question12

Let o, 5 be the roots of the equation > — 3z + r =0, and 5, 203 be the roots of
the equation z2 + 3z + 7 = 0.

If the roots of the equation z* + 6z = m are 2a + 8+ 2rand a — 23 — £, then
m is equal to :
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Options:
A.

-135
-567

135
D.
567

Answer: D



Solution:

For the equation £2 — 3z + 7 = 0 with roots a, 83, by using the standard results:

a+pB=3
a
— +28=-3
2 +26
fficient of -3
The first line comes from “sum of roots” = ,M =——=23.
coefficient of z2 1

. . a . .
The second line comes from the equation 22 + 3z + r = 0, whose roots-are > and 2. So, their sum is:

24+28=~3=-3

Now solve the two equations:
a+B=3=>a=3—-0

Substitute into % +28=-3:

3L 1 28=-3

Multiply by 2:
3—-B+4=-6=34+36=-6=>3=—-9=F=-3
Thena =3 — (—3) = 6.

Now use “product of roots” for 2 — 3z + r = 0:
af=r=r=6x(-3)=-18

Now consider the equation 22 + 6& = m. Rewrite it in standard form:
z? 46z —m=0

) —m
So, product of its roots = - =™

The roots are given as 2a + 8+ 2r and a — 28 — % Substitute o = 6, § = —3, r.= —18:

First root:

200+ B+ 2r =2(6) + (=3) +2(—18) =12 — 3 - 36 = —27
Second root:
a—28-%2=6-2(-3) -2 =6+6+9=21

Now product of roots:

= (2a+ B+ 2r) <a—2,8— %)

= —m = (—=27)(21)
= m = 567

Question13

If the set of all solutions of |z% + = — 9| = |z| + |z* — 9] is [, B] U [y, 00), then (
a? + B% +~2) is equal to:
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Options:
A.

9

B.

18

C.
36
D.
72

Answer: B

Solution:

We need to solve
|22 +2 — 9| =|z| + 2% — 9]
We will do it by considering intervals where the expressions inside modulus change sign.
The critical points are obtained from:
e 2 =0 from |z|
o z = +3 from |z% — 9|

e roots of 2% + z — 9 = 0, but for NCERT-style interval splitting here, it is enough to use the main sign-change points
—3,0, 3 and then check sign of z2 + z — 9 in each interval.

Now solve interval-wise.

1. Forx < -3
Here,
o x| =—=

o |22 -9 =2%-9
e Alsoz?+z-9>0,s0z2+z—-9|=224+z-9
Thus,
2+~ 9=—z+(22-9)
24 r-9=22-2-9
zT=—z
2c=0=z=0

But 0 £ —3, 50 no solution here.



2.For -3 <z <0

Here,
o |z| = -2
o |22 =9 =922
Now we check 22 +  — 9 on this interval.
Atx = =3,
P+ —-9=9-3-9=-3<0
Atz =0,
2+ —-9=-9<0
So throughout this interval,
|22+ 2 -9 = —(2*+2—-9) = -2~z +9.
Hence equation becomes
—z2—z+9=—x+ (9 z?).
Simplify RHS:
—z? x4+ 9=—2+9— 2%
Both sides are identical, so this is true for every z € [—3,0].

So all z € [—3, 0] are solutions.

3. For0<z <3

Here,
o z|==2
o [22-9| =922
Also on this interval,
z2+x <9
Atz =0,itis —9 < 0,andatz = 3,itis9+3-9=3 > 0.
So the sign changes inside this interval.
Let us find the root:
224+ —-9=0

—1£4/37

r = 2

The positive root is

—14V37
AN
So split further.
. —14+/37
(i) For 0 < z. < =%

Herex2+x—9§0,so

|22 +z— 9| = -z —z+9.



Equation:
—z?—z+9=1x+(9—z?)

~z2—z+9=—z2+ax49
—r==
2 =0=z=0.

So only = 0, already included in previous interval.
(i) For =Y < 7 <3

Here 22 + 2 —9 >0, so

|z +z -9 =2 +z—9.

Equation:

2+ x=9==z+(9— 2%

22-9=9— g2

2¢2 =18
z2=9
T = +3.

In this interval, only z = 3 is valid.

So from [0, 3], only & = 0, 3 are solutions.

4. Forx >3

Here,
o lz| =2
o |22 -9 =2%2-9
e z24+2-9>0,50 |22 +z—9/=2z2+z2—9
Thus,
2 fz—9=2z+ (22 -9)
22+ —-9=z>+z-9
This is true for every z > 3.

Soallz € [3,00) are solutions.

Complete solution set

Combining all intervals:
[—3,0] U [3,00).

Thus,

Now,
+ 2+ =(-8)2+02+32=9+0+9=18.

So the correct answer is



Hence, Option B is correct.

Question14

If the quadratic equation (\ + 2)z% — 3z + 4\ = 0, A # —2, has two positive
roots, then the number of possible integral values of A is :
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Options:
A.

1

D.
4

Answer: B

Solution:

For the quadratic equation
(A +2)z? —3\z + 4\ =0, A#E =2
to have two positive roots, let us use the NCERT conditions fora quadratic equation.
If the roots are « and 3, then for both roots to be positive, we need:
1. Discriminant > 0 so that roots are real,
2. Sum of roots >0,

3. Product of roots > 0.
1. Identify coefficients

Comparing with az? + bz + ¢ =0, we get

a=\+2, b= —-3), c=4\
2. Condition for real roots

Discriminant:



D = b? —4ac

So,

D= (-3))? —4(\ +2)(4))

D =9)\2~16A(A 4+ 2)

D =9)% —16)% — 32\

D = —7X% = 32\

For real roots,

—TA2—320>0

—A(7TA+32) >0

Multiplying by —1 reverses the inequality:
A(TA+32) <0

This gives

-2 <A<0

So possible integral values from this condition are
A=-4,-3,-2,-1,0

But given A # —2, so remaining are
A=-4,-3,-1,0

3. Condition for sum of roots positive

Sum of roots is
b _ 3
atf=-—7=55
For two positive roots,
3A
3z >0
Since 3 >0, this means
A
2 > 0
This is positive when numerator and denominator have same sign:
e A>0andA+2>0,o0r
e A< 0andA+2<0
So,
A>0 or A< -2
From our shortlisted values —4, —3, —1, 0, this keeps only
A=-4,-3
4. Condition for product of roots positive

Product of roots is

For positive roots,



4
A+2

>0
Again,
25 >0
This gives the same condition:
A>0 or A< -2
Among the shortlisted values, again we get
A=—-4,-3
S. Check both values
e For A= —4:
D=-7(16) —32(—4) = =112+ 128=16 > 0
So roots are real and distinct.
e ForA=-3:
D=-7(9)—32(-3)=-63+96=33>0
So roots are real and distinct.
Hence both values give two positive roots.
Therefore, the number of possible integral values of A is

So, the correct option is B.

Questionl5

n(z—2))(rz? —2)z~
Let Lim (tan(z 2))( x +(2p 2)z 2p)
x—2 (z—2)
values of q , such that the roots of the equation rz> — px + q = 0 lie in (0,2), be
the interval (o, 8], then 4(a + () equals :

= 5 for some r, p € R. If the set of all possible
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Options:

A.

11

B.

13

C.

17



D.
21

Answer: C

Solution:

We are given

an(r— T‘$2 —4)T—
iy DD

We have to first find the relation between 7 and p, and then determine all values of g for which the roots of
re? —px +q=0

lie in (0, 2).

Step 1: Simplify the limit

Let

f(z) =rz® + (p— 2)z — 2p.

Then the given limit becomes

tan(z—2) f(z)

limg .9 (z—2)2 = 5.
Now, as x — 2,

tan(z — 2) ~ o — 2.

So the limit becomes

For this limit to be finite, we must have

#(2) = 0.

F2)=r2)2+(p—2)(2)=2p=4r+2p—4—2p=4dr — 4.

flz) =z’ + (p—2)z — 2p.
Since f(2) = 0, factor (z — 2):
22+ (p—2)z — 2p= (z — 2)(z + p).

Hence the limit becomes

lim, 9 —tan(w_(zi(j;f)(”p) = limg .o _tar;(zz) (z + p).
Using
hmt—)O tant __ 1’

t

we get



1-(2+p)=5.

So,

p+2=5 = p=23.

Thus,

r=1, p=3.

Step 2: Form the quadratic equation
Now the equation becomes

z2 — 3z 4q=0.

We want both roots to lie in (0, 2).
Let the roots be o, aiy. Then

al +ay =3, oy = q.

Since both roots lie in (0, 2), let us find the condition on gq.

Step 3: Use condition for both roots in (0, 2)

Let
f(z)=2*—-3z+q.
Since coefficient of @2 is positive, parabola opens upward:

For both roots to lie'in (0, 2), we need:

1. Real roots

So discriminant must be non-negative:

A=9-4¢9>0 = ¢< 3.
2. Both roots positive

Since product of roots is g,

q >0.

3. Both roots less than 2

Now .check value at z = 2:

f2)=4=6+q=q—2.

If both roots are less than 2, then for an upward parabola, point x = 2 lies to the right of both roots, so we need
f(2) >o0.

Thus,

qg—2>0 = q>2.

Now combine:

$82

So the set of all possible values of q is

(, 8 = (2, 7.



Therefore,
darp=ae D =a(d) =1
Final Answer

So, the correct option is Option C.

Question16

If the equation a(b — c)x” + b(c — a)x + c(a — b) = 0 has equal roots, where
at+c=15andb = %, then a® 4 c%is equal to
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Answer: 117

Solution:

To solve the given problem, we start with the quadratic equation:
a(b—c)z? + blc—a)z +c(a—b) =0

Given that the roots are equal (let’s assume both roots are 1), we know the sum of the roots, a + S, is twice the value of one root,
which leads us to:

a+pf=2

Using the formula for the sum of roots for a quadratic equation, o + 8 = —%(%)l, we set this equal to 2:
b(c=a)

T afb=c) 2

Solving for this:

—bc+ab = 2ab - 2ac2ac = ab + bc2ac = b(a + ¢)

Given that e +¢ = 15and b = %, substitute these into the equation:
2ac = 15b2ac = 15 x 2% =108ac = 54

Now, using the equation a + ¢ = 15 and ac = 54, find a2 + c*:

a’+ = (a+¢)? —2ac=15% — 2 x 54a® + c* = 225 — 108 = 117

Therefore, a® +¢? is equal to 117.




Question17

If the set of all a € R — {1}, for which the roots of the equation
(1 —a)z? +2(a — 3)x + 9 = 0 are positiveis (—oco, —a] U[B,7), then 2a + 8+ v
is equal to
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Answer: 7

Solution:

f(z)=(1-a)z®2+2(a—3)z+9,f(0)=9>0

D>0=4(a—-3)2>4(1—-a)-9
\ : /y={1-a}f+2{a-3)x+9

Q \.,/ X

=a € (=00,-3]U[0,00) ... Q)

—2(a = 3) oimy—

$1+$2:

1-a 1—a

—3
x1+x2>0:>%>0:>ae(—oo,1)u(3,oo)... (i)

z12>0=>1-a>0=a€ (—o0,1)...(iil)

= Interaction of (i), (ii) and (iii)
a € (—o0,—3]U[0,1)
= a=3,=0y=1=2a+8+~r="7

Questionl8

Let ap and B4 be the distinct roots of 222 + (cos )z — 1'= 0,6 € (0, 27). If m and
M are the minimum and the maximum values of oy + 35, then 16(M + m) equals
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Options:
A.27
B. 17
C.25
D. 24

Answer: C

Solution:

To find the sum of the fourth powers of the roots ag and By of the quadratic equation 2z2 + (cos §)z — 1. = 0, we start analyzing
the expression aj + 5.

The equation can be rewritten with its roots using:
atp=—5L af=-3

We need to calculate o + 2 and o?3%:

a1 (ot 7 - 20— (- 50)" - 2() = 552 41

272 2 _ 12 1

o’ =(af)? = (—3) =%
Substitute these into:
2
Ol4+,34 — (012 +[32)2 —20[2132 — (cozzﬁ + 1) _ %
o (. Y 29 2
Maximize and minimize (% + 1) :
Zero of cos 0 leads to:

0? 2
(1) =
Max value cos? 6 = 1:

1 2_ (5\2_ 25
)" =) =%
Substitute back:

. 25 1 2% 8 _
Max: ¢ —5=9% — 16— 16

- 1.1
Min: 1 — =5
Finally, compute 16( M + m):

16 (¢ +5) =16 ({6 + 15) =16 x 32 =25

Question19

The product of all the rational roots of the equation
(2% — 9z + 11)2 — (x — 4)(z — 5) = 3, is equal to
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Options:

A7

B. 21

C.28

D. 14

Answer: D

Solution:

To solve the given equation, start by rewriting the expression:
(22— 9z +11)%>— (z — 4)(z - 5) =3

First, simplify the second part of the expression:
(x—4)(z—5) =z?— 92+ 20

Now the equation becomes:

(2?2 — 9z + 11)* ~ (2? — 9z + 20) =3
Introduce a substitution for simplification:

Lett =z2 — 9z

Thus, the equation transforms to:
t2422t4+121 -t-20-3=0

Simplify further:

t2+21t4+98 =0

Factor the quadratic:

(t+14)(t+7)=0

This gives:

t=-7 or t=-14

Address each case where t = z? — 9z:

z? — 9z =7

22 -9z 4 7=0

Solving this quadratic equation, we find the roots:

_ 9+vB81—4x7 _ 9+V5E3
T = 2 =2
22 —9zx=—-14
22—9x+14=0

Solving this quadratic equation:



_ 9++/81—4x14 _ 9+25
T = 2 ="

945

3 =7 or z=2

xr =

The rational roots from the second equation are 7 and 2. Thus, the product of all the rational roots is:

Tx2=14

Question20

The number of real solution(s) of the equation
z? + 3z + 2 = min{|z — 3|, |z + 2|} is :
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Options:

A.2

B.3

C. 1

D.0

Answer:'A

Solution:

A
L
et

Only 2 solutions.

Question21

The sum, of the squares of all the roots of the equation z2 + [2z — 3| — 4 =0, is
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Options:

A.6(2 —/2)

B.3(3—/2)

C.3(2 =2)

D. 6(3 — /2)

Answer: A

Solution:

To find the sum of the squares of all the roots of the equation z% + |2z — 3| — 4 = 0:
Casel: z > %

Forx > %, the expression |2z — 3| becomes 2z — 3. Thus, the equation becomes:
2’ +2z-3-4=0

Simplifying gives:

22 +22—-7=0

Solving this quadratic equation, we find:

r=2v2-1

Casell: z < %

Forz < %, the expression |2z — 3| becomes —(2z — 3) = =2z + 3. The equation therefore becomes:
z24+3-22-4=0

Simplifying gives:

z2 -2z —-1=0

Solving this quadratic equation, we obtain:

r=1-+2

Sum of the Squares of the Roots

The sum of the squares of the roots is:

(2v2-1)? + (1~ V2)?

Calculating each term:

(2v2 =12 =(2v2)2 —2:20/2- 1412 =8 —4y2+1=9—4/2
(1-v2)?2=12-2-1-vV2+ (V2)2=1-2/2+2=3-2V2

Adding these results:



(9 —4v2) 4 (3 —2v2) =12 — 62
This simplifies to 6(2 — v/2).

Thus, the sum of the squares of the roots is 6(2 = 1/2).

Question22

Let f: R — {0} —> ( 00,1) bea polynomlal of degree 2 , satisfying
fl@)f(L) = + f(2).If f(K) = —2 K, then the sum of squares of all

possible Values 0f Kis:
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Options:

A.

9

B.

D.
-

Answer: C

Solution:

as f(z) is a polynomial of degree two let it be
f(z) =azx® +bx+c (a#0)

on satisfying given conditions we get
C=1&a =+1

hence f(z) = 1 + a2

also range € (—oo, 1] hence

fle) =1
now f(k) = =2k

1-k*=—-2k k>~ 2k -1=0
let roots of this equation be a&3 then o + 2 = (a + B)? — 228

—4-2(-1)=6




Question23

The number of solutions of the equation

(£=2+2) (2 - Z+3) =0is:
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Options:

A.

3

B.

D.
4

Answer: D

Solution:

Consider L. =a x>0

Vx

(9a” —9a +2) (20 — T +3) =0
Ba—-2)(3a—1)(a—3)(2a—1)=0
1 2 3

(&8 §7§a

?

1
3

9 1
=904 = =
:13 ’)4)9

So, no. of solutions = 4

Question24

If the set of all o € R, for which the equation 222 + (a — 5)z + 15 = 3a has no

real root, is the interval (o, 8),and X = |z € Z;a < = < 3], then Y z? is equal
zeX

to:
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Options:
A.

2139

2119

2109

D.
2129

Answer: A

Solution:

(a—5)%—8(15—3a) <0

a’+14a+25—-120 <0

a’®+14a—95<0

(a+19)(a—5) <0

a € (—19,5)

S-19<x<h

Y= (10428 ) R (P 28 4+ 18Y)
reX

B 4x5%9 18 x 19 x 37

N 6 + 6

= 30 + 2109

= 2139

Question25

LetP, =a"+ 8% neN.If P, = 123,Pg = 76,Pg = 47 and P; =1, then the
quadratic equation having roots % and % is:
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Options:

Az*+z—-1=0

B.2’>—z+1=0

Cz’+z+1=0

D.z2—z=1=0



Answer: A

Solution:
Given:

Py =123

Py =176

Py =47
pP=1

We know that:
Py=a"+p"

According to Newton’s identities, we have the relation:

Pyg= Py + Py

This implies:

Pypy—Py—Ps=0

From P; = 1, it follows that:

a+ =1

af=1

Now, we are tasked with finding the quadratic equation whose roots are % and % For such a quadratic equation:

Using the relationship between roots and coefficients, the equation with roots % and % is:

2 1, 1 1
x —<—+g)m+a—ﬂ—0

Substitute the known sum and product of a and 3:

z? — (%)w + O[LB =0

Given that & + 8 = 1 and a8 = 1, we can simplify:
22— (F)z+ 1 =0

This simplifies to:

z24+z—-1=0

Thus, the quadratic equation having roots <+ and % is:

224+r-1=0

Question26

Let a and § be the roots of 22 + v/3z — 16 = 0, and -y and § be the roots of
22 43¢ —1= 0.1 P, =" + " and Q, = 7"+ 6", then Tui 2P | Qu Qu jg
equal to
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Options:

A4

B.3

C.5

D.7

Answer: C

Solution:

x2+3x—1:0ig — x =1 =-3x

= Pl=q"44"

P25 ~ P23 _ (725 - 723) + (525 - 523)

— 723 (72 - 1) Jr623 (52 _ 1)

— 723(737) +523(a35) —_3 [724+524}
P25 - P23

Pyy
Similarly,

- (-3)

n

o n
x2+ﬁx—16:0ﬁﬁ Q =o +f

— Qos + \/§Q24 _ <a25 + \/§a24> 4 (,325 + \/§ﬂ24>
— o2 <a2 X \/§a) 4 g% <52 < \/gﬁ)
= a®(16) + 168
n\ Q2 +V3Qau 16 (a® + %) _s
2:Qa - 2(aB®+pB)
Qo5 +V3Q2  (Pas — Pa3)
¢ 2Q2 * Py

=8+(-3)=5

Question27

Let the equation z(z + 2)(12 — k) = 2 have equal roots. Then the distance of the
point (k, £) from the line 3z + 4y +5 = 0 is
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Options:
A. 15

B.12
C.5/3
D. 15/5

Answer: A

Solution:

Given the equation z(z + 2)(12—k) = 2, we want it to have equal roots. To achieve this, we need to manipulate it into a
quadratic form in terms of x:

2 2 _
T +2m—m—0

For this quadratic equation to have equal (repeated) roots, the discriminant D must be zero. The discriminant D for the equation
ax? + bz + ¢ = 0is given by:
D =b? — 4ac

2

Substitutinga = 1, b = 2, and ¢ = — 157 into the discriminant formula, we get:

4—4(—5) =0

Simplifying the expression:

1+ 525 =0

Solving for k:

mr=-1 = 2=-(12-k = 2=-12+k = k=14

Now, consider the point (, %), which becomes (14, 7). We need to find its distance from the line 3z + 4y + 5 = 0. The formula
for the distance d from a point (z1,y1)toaline Az + By + C = 0 is:

d— Az1+By1+C
ooz

Substituting (z1,y1) = (14, 7) and the line coefficients A = 3, B=4,C = 5:

13(14)+4(7)+5|

d==ms

Calculating the numerator:
3x14+4+4XxT7+5=42+28+5=17T75

And the denominator:

V32442 =4/9+16=vV25=5
Therefore, the distance is:

75
d=+=15

Thus, the distance is15.

Question28



Consider the equation > + 4z — n = 0, where n € [20, 100] is a natural number.
Then the number of all distinct values of n, for which the given equation has
integral roots, is equal to
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Options:

A.6

B.5

C.8

D. 7

Answer: A

Solution:

x? 44z — n = 0 has integer roots

4+ VT6F IR N
$m=$:—2i\/4+n

For z to be integer 4 + n must be perfect squares

n € [20,100]
n+46(24,104] = S

{25,36,...10°} € S = 52,62,...10% = 6. values of n

Question29

Let the set of all values of p € R, for which both the roots of the equation

z? — (p+ 2)z + (2p +9) =0 are negative real numbers, be the interval (c, 3.

Then 8 — 2a is equal to
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Options:

A5

B.0

C.20

D.9



Answer: A

Solution:

To find the set of all values of p € R for which both roots of the equation z2 — (p + 2)z + (2p + 9) = 0 are negative real
numbers, follow these steps:

Discriminant Condition:

The equation's discriminant D must be non-negative for real roots:
(p+2)2—4(2p+9) >0

Simplifying this:

P 4+4p+4—-8p—-36>0 = p>2—4p—-32>0

This can be factored as:

(P—8)(p+4)=0

Meaning p € (—oo,—4] U [8,00)."... .. €))

Sum of Roots Condition:

The sum of the roots (which is p + 2) must be negative:
p+2<0 = p<-2... 2)

Product of Roots Condition:

The product of the roots (2p + 9) must be positive:

2p+9>0 = p>-2 ... 3

Determine the Valid Interval:

Combine the results from conditions (1), (2), and (3). From conditions (1) and (2), we find p < —2:
Intersection of (—o0,~4] and (— 3, —2) gives:

pe (-3 -4

Calculate 5 — 2a:

With @ = —% and 8 = —4, compute:
B—2a=-4-2(-3)=-4+9=5

Therefore, the difference § — 2a is 5.

Question30

The number of real roots of the equation x|z — 2| + 3|z = 3| +1=0is:
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Options:

A.



D.

1

Answer: D
Solution:
Mz <2

2?42z -32+9+1=0
=zl4+2-10=0

L, CLEVa —1-val
TR T 2
X v
(H2<z<3

=x2-2x—3x+9+1=0
=x?-5x+10=0

D<O0

) x >3
x?—2x43x—-9+2=0
=>x>4+x-8=0

X—L\/@ﬂ
- 2 ’ 2

X X
1 real roots
Question31

The sum of the squares of the roots of |z — 2|2 + |z — 2| — 2 = 0 and the squares
of the roots of 2> — 2|z — 3| — 5 = 0, is
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Options:

A.

24

B.



26

C.
36
D.
30

Answer: C

Solution:

Ix — 224 2/x—2| - [x=2[—2=0
= (x=2/+2)(|]x=2[=1)=0
=[x—2|=1
=x=2+1=3,1
= sum of square of roots =9 + 1 =10
x> —2x—3|-5=0
Case-Ix—3>0
=x2-2x+1=0
= (x-1)2%=0
=x=1
Butx > 3
=XE¢P
Case-llx —3 <0
x?+2x — 11 =0,D > 0 = Real & distinct roots
f(x) =x*+2x— 11
—P
f(3)>0,2—a:—1<3

= both roots < 3, both roots acceptable

Sum of square of roots = (a + 8)? — 2af3
=4+22=26
= Final sum =10+ 26 = 36

Question32

Let S be the set of all real roots of the equation, 3’3" —1)+2=3"-1|+3"-2]|.
Then S:

[Jan. 8,2020 (ID)]

Options:

A. contains exactly two elements.
B. is a singleton.

C. is'an empty set.

D. contains at least four elements.

Answer: B



Solution:

Let3*=y
Syly-DF2Z=|y= 1+ |y -2
Case 1:wheny >2

Y oy+2=y-1+y-2

Y =3y +5=0

~D < 0[ .~ Equation not satisfy. |
Case2:when1<y<2

« D <0[« Equation not satisfy. ]
Case 3: wheny<1
y2—y+2=—y+ 1-y+2
y2+y*1=0

_1+\j§
Ly =

2
_ 145
2

[~ Equation not Satisfy ]

~ Only one -1+ g satisfy equation

Question33

IfA={x€R:|x|<2}and B={x €R:|x—2|>3}; then:
[Jan. 9, 2020 (I1)]

Options:
A.ANB=(—2,-1)
B.B-A=R~-(-2,5)
C.AUB=R-(2,5)
D.A-B=[-1,2)
Answer: B

Solution:
A={x:x€(=2,2)}
B={x:x€(-o, =1]U[5, 00)}
ANB={x:xe€(2,-1]}
AUB={x:XE(~x,2)UI[5,0)}

A-B={x:x€(-1,2)}
B-A={x:x€ (—o0,=2]U[5, %)}

Question34



Consider the two sets

A = {m € R: both the roots ofxz—(m+1)x+m+4 =0 are real } and B=[-3,5)
Which of the following is not true?
[Sep. 03, 2020 (I)]

Options:
A.A—B=(—o,=3)U (5, »)
B.ANB={-3}
C.B-A=(-3,5)
D.AuB=R

Answer: A

Solution:

A= {mER:xz—(m+1)x+m+4:0 has  real roots
D>0

=>(m+ 1) —4m+4)>0

>m’-2m-15>0

+ 0 4

) ! v
oo -3 S —oo
A= {(~0, 3] U [5, %)}
B=[3,5)=>A-B=(-»,=3)U[5 )

Question35

The region represented by {z =x+iy € C: | z| —Re(z) < 1} is also given by the
inequality:
[Sep. 06, 2020 ()]

Options:

Ay >2(x+1)

D.y*>x+1
Answer: B

Solution:



v|z|=Re(z) < 1(vz=x+1y)
ﬁ\sz-i-yz—xﬁ 1= \jx2+y2§1+x

SxP+y? < 1+x3+2x

=>y2§1+2x=>y2§2(x+ ,le)

Question36

The number of integral values of m for which the quadratic expression,
a+ 2m)x2 —2(1+3m)x+4(1+m), x €ER,is always positive, is :
[Jan. 12,2019 (II)]

Options:
A3
B.8
C.7
D.6

Answer: C

Solution:

Let the given quadratic expression
1+ 2m)x2 —2(1+3m)x +4(1 +m), is positive for all x € R
then
1+2m>0...(i)
D<0
= 4(1+3m)°—4(1 +2m)4(1 +m) <0
= 1+9m’+6m—4[1 +2m’+3m] <0
= m’'~6m-3<0
= me(3-2V3,3+2\3)
From (i)
1
. m > 2
m € (3-2V3,3+2V3)
Then, integral values of m= {0, 1, 2, 3, 4, 5, 6}
Hence, number of integral values of m=7



